The Windover mortuary pond dates to the Early Archaic period (6,200 years ago) 19 and constitutes one of the earliest archaeological sites with intact and well-preserved 20 human remains in North America. Unlike many prehistoric egalitarian hunter-gatherers, 21
load. We explore how mobility and subsistence, as reconstructed from archaeological 23 data, influenced the morphology of hand and foot bones of this population. Using length-24 width ratios to account for trait size and taking the natural log of the ratio to account for 25 sexual dimorphism, we analyzed 10 variables (4 carpal and 6 tarsal. We identified 26 differences in the rear-and midfoot regions that suggest the Windover occupation was 27 engaging in heavy impact mobility. In particular, females exhibit greater variation and 28 higher mean averages than males for size of shock-absorbing bones. We identified sex-29 based differences in carpal bones, with females exhibiting greater variation and higher 30 mean ratios in most variables compared to males. Despite widespread behavioural 31 evidence on contemporary populations for human lateralization for hands and feet, we 32 found no evidence of either handedness or footedness in Windover. The lack evidence for 33 footedness was expected due its minimal impact on walking gait but the lack of evidence 34 for handedness is surprising given that modern ethnographic studies have shown strong 35 handedness in hunter-gatherers during tool and goods manufacture. If the archaeological 36 evidence for a shared division of labor is true, we have potentially uncovered evidence 37 for a heavier activity load in females. 38
1.INTRODUCTION 39 40
A sex-based division of labor is seen across most human societies for the majority of 41 evolutionary history and contributes to size-based morphological variation between the 85
Domestic economies 86
Domestic economies include subsistence and tool manufacture, which supports 87 subsistence activities. Subsistence covaries with biological factors (e.g., habitat, 88 reproduction, health) and cultural factors (e.g., social organization, sedentism, mobility). 89 A comprehensive analysis of 229 hunter-gatherer diets, eco-environmental data, and 90 plant-to-animal dietary ratios found that most populations consume similar amounts of 91 carbohydrates (30-35% of the diet) except in more extreme environments (i.e., increases 92 in desert and tropical grasslands and decreases in higher latitudes) [39] . Indeed, there is a 93 strong clinal pattern of variation in male and female caloric contributions to diet. 94
Subsistence contributions by sex are inversely correlated with effective temperature, a 95 combined measure of the intensity and annual distribution of solar radiation [12, 40] . 96 Higher latitudes and colder climates rely more on male caloric contributions from big 97 game hunting while temperate and tropical regions rely more heavily on female caloric 98 contributions across the spectrum (e.g., small game, fishing, and plants) [ transformed to mitigate the confounding effect of trait size and sexual dimorphism as 308 previously described. All variables were normally distributed ( Supplementary Table 3 ). 309
Descriptive data for all variables by sex are found in Supplementary Table 4.  310  311 Are there differences between weight-bearing and shock absorbing tarsals as suggested 312 by previous research indicating heavy load carrying and high mobility or running? 313
Exploratory analysis suggested that females have larger shock-absorbing bones than 314 males and shock-absorbing bones were larger than weight-bearing bones (Figure 1, left) . 315
The two-way univariate GLM (Levene=001, p=1.00) indicated no significant between-316 sex difference or interaction between sex and bone class but the statistical significance 317
for differences between shock-absorbing and weight-bearing tarsals is high (Table 2, Table 5 ). 329 330
Is there a between-sex difference in carpal bones based on previous research showing 331 greater hand trauma and domestic economy production in females? Exploratory plots 332 ( Figure 2) show that females have larger carpal ratios than males except for the hamate. 333
Results of a multivariate GLM suggest potentially significant differences between the 334 sexes (Pillai's Trace F=2.811, p=0.059, ηp=0.0.398). The univariate individual tests 335 generated by the multivariate GLM (Table 3) Grave good analysis and activity reconstructions suggest heavy overlap between the 361 sexes in domestic economies rather than a strict sex-based division of labor [75-78, 86]. 362
Tarsal Variation 363
Based on previous analysis, we speculated whether load carrying might influence 364 differences between weight-bearing and shock absorbing tarsals. A univariate two ways 365 (sex by class) GLM indicated no significant between-sex differences or significant 366 interaction between sex and class (shock-absorbing, weight-bearing). The power for both 367 these tests is extremely low and confidence interval data suggests there may be a 368 statistically undetected significant between-sex difference. This potential difference is not 369 consistent with sexual dimorphism because shock-absorbing bone summary data suggest 370 higher female mean ratios and a greater range than males while the weight-bearing bone 371 summary data suggest no differences (same mean, females contained within the male 372 interval). This female specific pattern is reflected in the results of the pooled sex test for 373 difference between weight-bearing and shock absorbing bones. Reaching the threshold 374 for statistical significance was likely prevented by the observed power (59%) which 375 likely was not high enough to capture the difference. Thus we feel confident in 376
interpreting these results as biological significant. Females have larger mean ratios for 377
shock-absorbing bones than males. We expected the reverse in both sexes-greater stress 378 on weight-bearing tarsals (talus and trochlea, calcaneus and load arm) due to heavy load-379 carrying, as evidenced by the increased bilateral degeneration of the these biomechanical stresses might be the source of the higher length to width ratios in 400
shock-absorbing tarsals observed in this study. We posit that females may have navigated 401 a wider range of terrains than males (given their preference for shell tools), might have 402 foraged at greater distances for raw materials (for tools, plant-based medicines, or 403 textiles), or engaged in faster walking and running speeds to cover greater distances. 404
Future avenues of research might be to examine the tubers and spurs on the calcaneus to 405 identify possible differences in locomotion versus weight-bearing activities [27, 33] . 406 407
Foot Lateralization 408
Despite evidence suggesting footedness would not be visible [38, there was 409 bioarchaeological evidence suggesting lateralization in the lower limbs that may have 410 affected the tarsals. In particular, males had greater DJD on the left with knees and hips 411 implicated while females had greater DJD on the right {Smith, 2008 #5573]. These 412 lateral patterns did not translate to differences in the tarsals bones but possible other areas 413 to consider in future studies would be the hallux due to its involvement in the extreme 414 plantarflexion associated with barefoot locomotion [85] . 415 416
Carpal Variation 417
We postulated there might be between-sex differences in carpal bones due to increased 418
hand trauma in females [83] and cervical vertebra DJD possibly linked to food and textile 419 processing activities [72, 74, 83] compared to increased DJD in males [78] . We found 420 evidence to support activity-based variation between the sexes-females had higher mean 421 ratios and greater variation than males. These differences cannot be explained by biology 422 and sexual dimorphism because an analysis of modern humans suggests, that despite 423 anatomical differences in wrist function and rotation, between-sex variation in carpal 424
bones is attributable entirely to relative size which can be accounted for through scaling 425
procedures Windover females exhibit greater variation ( Supplementary Table 4 ) in seven out of 10 472 ratio variables and larger means in eight out of ten variables. Clearly, this is not expected 473 were sexual dimorphism were to have influenced the results despite our data 474 transformations to mitigate this effect. Thus, we argue that the observed patterns (in both 475 descriptive data and statistical tests) indicate marking of the female body by activity more 476 so than marking of the male body. A previous study found that Windover females 477 experienced worse health than males [77, 81] and this might be related to their heavier 478 burden of labor. Even if grave goods suggests a shared load, a few sex-based patterns 479 exist with males still associated with big game hunting and females associated with 480 medicine. Further, the raw material for tools is partitioned by sex and would differentiate 481 mobility patterns associated with acquiring tool materials. In addition, females are found 482 exclusively with containers and may have dominated container production (including 483 acquisition of raw materials) or used containers to transport resources to the habitation 484
site-yet to be identified in the archaeological record. 485 486
While we might have expected some hand [49, 50] and possibly some foot lateralization 487
[36, 37], we did not find it even if DJD and MSM patterns suggesting there might be 488 some. The lack evidence for footedness was expected due its minimal impact on walking 489
gait [38] . The lack of evidence for handedness is unexpected since modern ethnographic 490 studies on hunter-gatherers have shown strong handedness during tool and goods 491 manufacture [49, 50] . But, handedness in these populations overall have been found to be 492 much less pronounced when compared to modern industrial societies [49] . Although 493 some archaeologists are concerned by the 'tyranny of ethnography' (Wobst 1978), we 494 believe predictions about behavior are an essential part of investigating archaeological 495
populations. Certainly, as demonstrated in this paper, some aspects of behavior are more 496 archaeologically visible than others. 497 498
Overall, we can conclude that lateralization in the wrist and foot is not archaeologically 499 visible in this population. Further, we conclude that previous assessments of the high 500 value placed on female labor at Windover [74] is embodied and potentially reflects an 501 asymmetric workload or retention of some sex-based activities. Ultimately, the Windover 502 females tell a much more interesting bioarchaeological story than the males. 503
